Traditional Chinese Medicine, commonly referred to as "Chinese Medicine" or simply "TCM", is one of the oldest forms of medical treatment and one of the most commonly used in the world. *Fructus sophorae* also known as HuaiJiao and *Styphnolobium japonicum* (L.) Schott (Leguminosae), is the dried ripe fruits and used as herbal ingredient used in TCM for its hemostatic properties\[[@ref1][@ref2]\]. Modern pharmacological and clinical studies have shown that some components in *Fructus sophorae* possessed antifertility action, hemostatic properties, anticancer, antitumor, antiobesity, antioxidation effects, and played important roles in the treatment of hypertension and hemorrhoids\[[@ref1][@ref3][@ref4][@ref5]\]. Nowadays, it has been more and more widely used in modern functional foods for improving health.

Pharmacological studies on *Fructus sophorae* have revealed that it contains flavonoids, alkaloids, terpenoids, amino acid, saccharide, phospholipids and others\[[@ref3]\]. Specifically, flavonoids are the major active components. Sophoricoside, genistin, genistein, rutin, quercetin and kaempferol are the six main flavonoids that have been found to be active\[[@ref1][@ref3]\].

([fig. 1](#F1){ref-type="fig"}). Among these analytes, sophoricoside and genistin are structural isomers, and genistein is the hydrolysis product of them\[[@ref6]\]. At present, many related drugs of *Fructus sophorae* such as Huai jiao tea, Huai jiao pills and Huai jiao capsules have already been produced and used in clinical treatment\[[@ref7]\]. Therefore, a quality control of *Fructus sophorae* would be of great significance. On account of different sources and climatic conditions, its chemical constituents may vary substantially. Therefore, in order to further effectively utilize it and enhance the clinical safety, simultaneous quantitative analysis of active components is more reliable and accurate method for the quality control of traditional Chinese medicine.

![The structures of the analytes.\
The chemical structures (monitored transitions, declustering potential and collision energy) for (a) sophoricoside (431.1/267.9 amu, -85V, - 43eV), (b) genistin (431.1/267.9, -72V, -38eV), (c) genistein (269.0/133.0 amu, -61V, -44eV), (d) kaempferol (284.9/93.0 amu, -70V, -52eV), (e) quercetin (301.0/150.9 amu, -55V, -32eV), (f) rutin (609.2/300.0 amu, -75V, -51eV).](IJPhS-75-330-g001){#F1}

Principal component analysis (PCA) is a useful statistical technique that has found application in fields such as face recognition and image compression. It is a way of identifying patterns in data, and expressing the data in a way to highlight their similarities and differences\[[@ref8]\]. Hierarchical clustering analysis (HCA) is a statistical method for finding relatively homogeneous clusters of cases based on measured characteristics\[[@ref9][@ref10]\]. PCA and HCA were performed according to the contents of *Fructus sophorae* to classify and differentiate the samples and to evaluate and control its quality better.

In present study, we firstly developed an accurate and simple high-performance liquid chromatography--tandem mass spectrometric method (HPLC--MS/MS) method for simultaneous determination of six major components in *Fructus sophorae*. In addition, for the isomeride pair sophoricoside and genistin with similar fragmentation pathway, the molecular polarities will be used to differentiate them from each other\[[@ref11][@ref12]\]. Thirty batches of *Fructus sophorae* from different sources were compared by HPLC--MS/MS combined with PCA and HCA to elucidate the difference among various samples in order to distinguish genuine medicinal material from other familiar species in different places.

MATERIALS AND METHODS {#sec1-1}
=====================

*Fructus sophorae* samples (No. 1-30) originated from different provinces were purchased from the local Chinese herb stores. All the voucher specimens were deposited in the Department of Pharmaceutical Analysis, Hebei Medical University. Methanol and acetic acid (HPLC-grade) were purchased from Dikma Technologies Inc., Lake Forest, CA, USA. Purified water was obtained from Wahaha (Hangzhou Wahaha Group Co. Ltd., Hangzhou, China). Analytical grade dehydrated ethanol (Tianjin Chemical Corporation,Tianjin, China) were used for the sample preparation. Sophoricoside (11061521), genistin (11080316), genistein (11012521), kaempferol (11042524) were purchased from Shanghai Tauto Biotech Co., Ltd, China. Rutin (100080-200707) was obtained from National Institute for the Control of Pharmaceutical and Biological Products and quercetin was provided by the Department of Pharmaceutical Analysis, Hebei Medical University. The purities of the above ingredients were more than 98% according to LC analysis.

An Agilent 1200 liquid chromatography system (Agilent Technologies, USA) equipped with a quaternary solvent delivery system, an autosampler, and a column compartment was used for all experiments. Detection was performed using a 3200 QTRAP system from Applied Biosystems/MDS Sciex (Applied Biosystems, USA), a hybrid triple quadrupole linear ion trap mass spectrometer equipped with Turbo V sources, and a Turbo Ion Spray interface.

HPLC--MS/MS conditions: {#sec2-1}
-----------------------

The chromatographic separation was performed on a Diamonsil C~18~ column (150×4.6 mm, 5 μm). A linear gradient elution of eluents A (methanol) and B (0.05% acetic acid) was used for the separation. The elution program was optimized as follows: 0-1.5 min, linear change from A-B (35:65, v/v) to A-B (75:25, v/v); 1.5-6 min, linear change from A-B (75:25, v/v) to A-B (95:5, v/v); and 6-8 min, isocratic elution A-B (95:5, v/v); The flow rate was 0.8 ml/min, the injection volume was 10 μl and the column temperature was maintained at 25°.

The ESI interface operated in the negative mode was used. The ion spray voltage was set to −4500 V, and the turbo spray temperature was kept at 650°. Nebulizer gas (gas 1) and heater gas (gas 2) was set at 60 and 65 arbitrary units, respectively. The curtain gas was kept at 25 arbitrary units and interface heater was on. Nitrogen was used in all cases. Multiple reaction monitoring (MRM) was employed for determination. The precursor-to-product ion pairs, declustering potential (DP) and collision energy (CE) for each analyte were given in legends to [fig. 1](#F1){ref-type="fig"}. The dwell time of each ion pair was 60 milliseconds. Other parameters were also optimized for maximum abundance of the ion of interest by the automatic tuning procedure of the instrument. All data was controlled and synchronized by Analyst software (Versions 1.4.2) from Applied Biosystems/MDS Sciex.

Preparation of standard solutions: {#sec2-2}
----------------------------------

The standard stock solutions of genistein (0.92 mg/ml), rutin (1.03 mg/ml), quercetin (0.41 mg/ml), kaempferol (0.223 mg/ml) were prepared in methanol and sophoricoside (1.16 mg/ml) and genistin (1.01 mg/ml) were prepared in 50% methanol. They were stored away from light at 4°. Working solutions were prepared by appropriate dilution and admixture of the stock solution.

Sample preparation: {#sec2-3}
-------------------

The dry plant samples were ground to powder by a pulverizer and sieved through a 45-mesh size before use. 0.2 g of powder was placed in 50 ml capped conical flask and extracted with 30 ml of 70% ethanol in an ultrasonic ice-water bath for 45 min. The extracted solution was adjusted to the original weight by adding 70% ethanol. Then the supernatant was diluted and filtered through a 0.45 um microporous membrane before LC injection of 10 μl.

Validation of the assay: {#sec2-4}
------------------------

Calibration curves were constructed by plotting the peak area against the corresponding concentration of the standard solutions.\[[@ref13]\] For each target constituent, limit of detection (LOD) and limit of quantification (LOQ) were determined by serial dilution of standard solution until the signal to noise ratio (S/N ratio) for each compound got to 3 and 10, respectively.

Both instrument precision and the method precision were tested. The instrument precision was evaluated by analysing the mixture solution at the concentration of 58.0 ng/ml for sophoricoside, 505 ng/ml for genistin, 69.0 ng/ml for genistein, 51.5 ng/ml for rutin, 123 ng/ml for quercetin, 11.5 ng/ml for kaempferol in six replicate injections under the optimal conditions. For the precision of the method, the intra-day precision was examined by analysing six replications prepared from sample 3 within one day, while the inter-day precision was determined over three consecutive days.

The recovery test was used to evaluate the accuracy of this method. Accurate amounts of 6 flavonoids (high, middle and low) were added to 0.1 g of *Fructus sophorae* (SX-3), and then extracted and analyzed as described above. The percentage recoveries were calculated according to the following equation: Recovery(%)=(observed amount-original amount)/added amount×100%, and RSD(%)=(SD/mean)×100%. In order to investigate the stability of the sample solutions, the sample solution prepared from sample 3 was stored at 4° and analyzed every 12 h within 48 h.

Peak identification: {#sec2-5}
--------------------

Identification of each analyte is a prerequisite for successful quantification. For structural identification, the information-dependent acquisition (IDA) method was used to trigger the enhanced product ion (EPI) scans by analyzing MRM signals\[[@ref14]\]. According to the comparison of retention time, parent and product ions with standards in MRM-IDA-EPI spectra, all the peaks of target compounds were unambiguously identified. The retention time of sophoricoside, genistin, genistein, rutin, quercetin and kaempferol is 4.59, 4.28, 5.56, 4.47, 5.27 and 5.86, respectively.

Statistics: {#sec2-6}
-----------

The effect of origin in *Fructus sophorae* on the total amount of those analytes was analyzed by PCA using SPSS (SPSS for Windows 13.0, SPSS Inc., USA) software\[[@ref14][@ref15]\]. The HCA of Samples 1-30 was performed using SPSS software. A method called Ward was applied and square Euclidean distance was selected as a measurement.

RESULTS AND DISCUSSION {#sec1-2}
======================

Various extraction methods, solvents and times were evaluated to obtain the best extraction efficiency\[[@ref16]\]. Ultrasonic bath extraction with the advantages such as convenience, rapidness and less solvent is a commonly used extraction method for quantitative analysis of traditional Chinese medicine\[[@ref17]\]. We investigated different extraction methods, the results revealed that the ultrasonic bath extraction efficiency was similar to refluxing extraction. But the former was a more convenient method, so further experiments were carried out by ultrasonic bath extraction. Then we used different extraction solvent, including water, ethanol (40, 60, 70, 80 and 100%; v/v), and methanol. The results suggested that 70% ethanol displayed the highest extraction efficiency. We also considered the influence of extraction time. A comparative study on different extraction time of 30, 45 and 60 min was conducted at ambient conditions using ultrasonic bath extraction. The results showed that the 6 flavonoids were almost completely extracted within 45 min. So, extraction with 70% ethanol in an ultrasonic bath for 45 min was adopted.

First, for developing the method, the optimization of precursor ions and product ions of the analytes for MRM mode analysis by syringe pump infusion at a flow rate of 10 μl/min was a prerequisite for successful quantification\[[@ref18]\]. The standard solutions of the analytes were infused into the mass spectrometer separately to obtain MS/MS fragment ions and to optimize mass parameters such as DP and CE. Then it was found that negative ESI could offer higher sensitivity and better peak reproducibility than positive ESI. In the full scan mass spectra, the deprotonated molecular ions \[M-H\]^−^ of sophoricoside, genistin, genistein, rutin, quercetin, kaempferol (m/z, 431.1, 431.1, 269.0, 609.2, 301.0 and 284.9) were stable and exhibited higher abundance. Thus \[M-H\]^−^ were chosen as the precursor ions for MS/MS fragmentation analysis. DP is one of the most important mass spectrometer parameters impacting ion response and was optimized in order to obtain the maximum sensitivity. In MS/MS analysis, only precursor ion was isolated and then dissociated into product ions. Several fragment ions of the analytes were observed in the product ion scan mode. Then the predominant fragment ions were chosen in MRM mode for quantification and the most suitable collision energy was also obtained by observing the maximum response for the MS/MS monitoring fragment ion.

Among the six flavonoids, sophoricoside and genistin are structural isomeride, and genistein is the hydrolysis product of them. So the selection of the LC conditions was the key in order to obtain chromatograms with better resolution of adjacent peaks, especially when similar components were analyzed. In view of achieving higher peak responses and shorter analysis time of target compounds in chromatograms, the effect of different mobile phase compositions was compared. There were no obvious differences between methanol-water and acetonitrile-water. Because of the high-toxicity and high-price of acetonitrile, methanol--water was chosen. Besides several mobile phase additives such as ammonium acetate (0.5, 1, and 2 mmol/l), formic acid (0.01, 0.05 and 0.1%) and acetic acid (0.01, 0.05 and 0.1%) were used to achieve the high sensitivity\[[@ref14][@ref17]\]. It was also found that eluent A (methanol) and B (0.05% v/v acetic acid) was beneficial for enhancing the ionization of compounds detected in negative electrospray interface mode and could guarantee sharp peak shape and reproducible retention time. When the flow rate was set at 0.8 ml/min, the resolution was greatly improved. Compared with previous reports, the total run time in our study was shorter and the 6 compounds could be separated within 8.0 min. And no significant peaks interfering with the analytes were observed. The typical extract ions chromatograms of standards and sample and the product ion scan spectra are shown in [fig. 2](#F2){ref-type="fig"}.

![Representative ions chromatograms.\
Representative extract ions chromatograms of standard solution (A) and the *Fructus sophorae* sample (B), and the product ion scan spectra (C) for 1. sophoricoside, 2. genistin, 3. genistein, 4. rutin, 5. quercetin, 6. kaempferol.](IJPhS-75-330-g002){#F2}

The linearity, regression, and linear ranges of 6 analytes were determined using HPLC-MS method. Excellent linearity was achieved in these specified concentration ranges with the correlation coefficients higher than r≥0.9904. The LODs and LOQs for each compounds were less than 3.12 ng/ml and 12.5 ng/ml, which showed a high sensitivity. The detailed descriptions of the regression equation, the linear range, LOD and LOQ for each compound were shown in [Table 1](#T1){ref-type="table"}.

###### 

REGRESSION DATA, LOD, AND LOQ FOR THE INVESTIGATED COMPOUNDS

![](IJPhS-75-330-g003)

For the instrument precision, the RSD of the investigated components was less than 2.13%. The overall intra-and inter-day precisions (RSD) for the investigated components were less than 2.07 and 2.44%, respectively. The average recovery was in the range of 96.24-103.34% with RSD ranging from 0.92 to 2.83%. The results indicate that the method was accurate and reproducible ([Table 2](#T2){ref-type="table"}). All analytes were found to be stable with 48 h (RSD\<2.30%) when the solution was stored at 4° ([Table 2](#T2){ref-type="table"}).

###### 

INTRA-AND INTER-ASSAY, ACCURACY AND STABILITY OF THE SIX ACTIVE COMPONENTS

![](IJPhS-75-330-g004)

In this study, the established analytical method was applied to determine 6 flavonoids in the 30 batches of *Fructus sophorae* samples. The analytical results are shown in [Table 3](#T3){ref-type="table"}. The total contents of 6 analytes ranged from 84.971 to 153.781 mg/g in *Fructus sophorae*, which indicated that *Fructus sophorae* samples from various sources were obviously different. For *Fructus sophorae* samples, the samples bought from Shaanxi (mean content 128.690 mg/g) and Hebei (mean content 128.981 mg/g) Province contained more flavonoids than the samples from other places. In addition, sophoricoside was the highest component whose mean content was 78.969 mg/g in *Fructus sophorae*.

###### 

CONTENT OF THE SIX ACTIVE COMPONENTS IN FRUCTUS SOPHORAE (*n*=3)

![](IJPhS-75-330-g005)

PCA is an unsupervised clustering method that does not require any knowledge of the data set and acts to reduce the dimensionality of multivariate data while preserving most of the variance therein\[[@ref15]\]. In our study, we used PCA on the analytical data of all the 30 samples. First, two principal components PC~1~ and PC~2~ are used to provide a convenient visual aid for identifying inhomogeneity in the data sets. The specific contribution of analytes was studied by a loadings plot from PCA\[[@ref14]\]. The factor loadings plot ([fig. 3](#F3){ref-type="fig"}) helps us to determine what the components represent. Sophoricoside, genistin, genistein and kaempferol are most highly correlated as the first component, while the second component is most highly correlated with rutin and quercetin. [Fig. 4](#F4){ref-type="fig"} shows the principal component projection plot of PC~1~ and PC~2~ (over 80% of variance explained) for the 30 *Fructus sophorae* samples. From the results, we can classify these samples into four groups (indicated I to IV). For the PC~1~ and PC~2~, the samples from Shaanxi and Hebei are higher than others, but the samples from Shaanxi are more stable than the samples from Hebei when total content are similar. These samples are different from each other from Hebei. [fig. 4](#F4){ref-type="fig"} indicates that origin is highly related to the quality of products. Apparently, different places were essential reasons resulting in the obvious variation of the compounds.

![Loadings plot of PC1 against PC2.\
Loadings plot of PC1 against PC2 for the six components of *Fructus sophorae*. (a) rutin, (b) quercetin, (c) genistin, (d) kaempferol, (e) genistein, (f) sophoricoside.](IJPhS-75-330-g006){#F3}
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HCA was performed on the analytical data of all the 30 samples. The clustering results illustrated as a dendrogram are presented in [fig. 5](#F5){ref-type="fig"}. Thirty tested *Fructus sophorae* samples could be successfully grouped into two main clusters or domains (A and B) by using Ward method. All samples from Shaanxi (1-6) and part samples from Hebei (7, 8, 10) were in cluster A and the other samples were in cluster B, which was further divided into two subgroups (B1 and B2). All samples from Henan (13-18) and Anhui (22-24) were in subgroup B1 (B1-1). In PCA, all samples from Shaanxi were in group I; all samples from Henan and Anhui were in group II. The results were consistent for PCA and HCA.

![Dendrograms of hierarchical cluster analysis.\
Dendrograms of hierarchical cluster analysis for the 30 tested samples of *Fructus sophorae* using Ward method.](IJPhS-75-330-g008){#F5}

Genuine medicinal materials are generally produced in specific regions and with long history, cultivated and processed by skillful techniques and shows excellent quality and evidently curative effects\[[@ref19]\]. The genuine place of *Fructus sophorae* is Shaanxi. The samples from Shaanxi are higher and more stable in content. The genuine medicinal materials (Shaanxi) could be distinguished from other general samples. The PCA and HCA further confirmed the excellent quality of genuine medicinal materials.

In this study, a selective, rapid and sensitive HPLC--MS/MS method has been developed and validated to quantify six constituents in *Fructus sophorae*. And we accomplished the separation of isomeride pair sophoricoside and genistin as well as their aglycone (genistein) for the first time. According to quantitative analysis, PCA and HCA, the quality origined from Shaanxi province (genuine medicinal materials) were the best and the most stable. The proposed method in this paper is particularly suitable for the routine analysis of *Fructus sophorae* and its quality control.
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